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Introduction
Most plant communities now contain non-indigenous species (di Castri 1989; Vitousek et al. 1996; Mack et al. 2000) , yet our ability to predict invasions by such species remains limited (Mack et al. 2000; Hierro et al. 2005) . One reason may be that most studies of exotic species take place solely within their introduced range, without knowledge of the basic ecology of the study species within its native range (Hierro et al. 2005) . Such knowledge can help indicate both abiotic limiting factors and the potential of competitors and natural enemies to hold invaders in check (Guo 2006) . For instance, one of the most popular and widely cited theories in invasion biology is the Enemy Release Hypothesis, which postulates that invasiveness can be attributed to a loss of natural enemies during the invasion process (Maron & Vilà 2001; Keane & Crawley 2002; Torchin & Mitchell 2004; Mitchell et al. 2006) . Recent reviews (Colautti et al. 2004; Bossdorf et al. 2005; Liu & Stiling 2006) provide mixed support for this hypothesis, providing positive evidence but also indicating many exceptions and limitations. Studies within the native range can help to clarify this uncertainty, for instance by indicating whether enemy pressure is a significant factor in the native-region ecology of a potential invader, and thus whether the potential for enemy release exists (e.g. Hierro et al. 2005; Maron & Vilà 2001) .
Enemy release need not be restricted to long-distance dispersal, but can in fact occur for isolated plants within their native range. For example, experimental populations of Vicia sepium L. experience less insect damage to their seed pods when isolated from natural populations by just 100-500m (Kruess & Tscharntke 2000) . On a geographic scale, isolated natural populations of Carex blanda Dewey are less likely than more central populations to be attacked by fungal pathogens and pre-dispersal seed predators (Alexander et al. 2007 ). Perhaps the best-known examples are provided by tests of the Janzen-Connell hypothesis (Janzen 1970; Connell 1971) , which posits that seeds and seedlings of tropical trees can escape enemies by dispersing away from their parents; studies providing evidence of density-or distance-dependent recruitment suggest this model may be widely applicable (e.g. Condit et 4 al. 1992; Wills et al. 1997; Harms et al. 2000; Wright 2002 ; but see Hyatt et al. 2003) . The same species that escape enemies at a local or regional scale may escape on a much larger spatial scale as well. For example, Packer & Clay (2000; 2003) found evidence that within its native range the temperate tree Prunus serotina Ehrh. escapes soil pathogens by dispersing its seedlings away from the parent; the same species has also escaped soil pathogens on a much larger scale by invading Europe, where it has become a pest species (Reinhart et al. 2003) . As another example, the tropical shrub Clidemia hirta (L.) D. Don has escaped enemies (insect herbivores and fungi) in Hawai'i, where it is introduced, but also escapes them in its native range by colonizing open habitats (DeWalt et al. 2004 ).
Thus, native-range escape may provide clues to invasiveness in non-native areas.
These studies also emphasize the point that invaders can escape from a range of natural enemies.
Most studies of enemy release have focussed on above-ground interactions, particularly with folivores and granivores (Levine et al. 2003; Hierro et al. 2005; Bossdorf et al. 2005; Liu & Stiling 2006) , but recent research suggests below-ground interactions may be even more important (Levine et al. 2003; Wolfe & Klironomos 2005; Reinhart & Callaway 2006) . Soil organisms including root pathogens (Packer & Clay 2000; Callaway et al. 2004b; Reinhart et al. 2003; Reinhart & Callaway 2004) , mycorrhizas (Klironomos 2002; Bray et al. 2003) and seed pathogens (Blaney and Kotanen 2001, 2002) have all been shown to affect plant invasions. In particular, feedback between a plant and the soil community can be either positive (as beneficial mycorrhizas and other mutualists accumulate) or negative (as pathogen populations grow) (Bever 1994; Bever et al. 1997; Reinhart & Callaway 2006) , potentially affecting an invader's success (Klironomos 2002; Agrawal et al. 2005; Van Grunsven et al. 2007) .
In this study, we investigate enemy release of common ragweed (Ambrosia artemisiifolia L.) in its native North American range. This plant has previously been shown to have escaped insect folivores in its invaded European range, as predicted by the Enemy Release Hypothesis (Genton et al. 2005) . It is highly disturbance-dependent, and frequently founds isolated colonizing populations in its native range, suggesting local-scale enemy release frequently might occur here as well. We investigate this possibility for insect herbivores, but also add new dimensions by considering escape from insect granivores, soil pathogens and soil feedback. We combine field and laboratory experiments to address the following specific questions: 1) Do isolated populations of common ragweed experience reduced levels of damage by aboveground herbivores and seed predators?
2) Does common ragweed escape negative effects of soil biota by colonizing new sites?
3) Do common ragweed seeds escape attack by soil-borne fungi in newly colonized sites? This is one of the few studies to test for enemy release within the native habitat of a species known to escape enemies as a transoceanic invader, and the first to compare release from above-ground and below-ground impacts. It also presents the most detailed picture yet of native-region interactions between this problematic weed and its natural enemies, and provides clues to factors which might contribute to its invasiveness in both its native and introduced range.
Methods

SPECIES AND STUDY SITE
Common ragweed (also known as annual ragweed) is a native North American weed, now common throughout the continent except for northern areas (Bassett & Terasmae 1962; Bassett & Crompton 1975; Teshler et al. 2002) . It is a spring annual; in Ontario, seedlings are abundantly present in early May. Flowering begins in late summer (early August) and is shortly followed by seed-set, but seeds continue to be dispersed until the plants are killed by frost in October or even later. Ragweed is strongly disturbance-dependant (Bazzaz 1968 (Bazzaz , 1974 Kosola & Gross 1999) , and typically is found in highly perturbed habitats such as agricultural fields, roadsides and waste places (Bassett & Terasmae 1962; Bazzaz 1968; Bassett & Crompton 1975; Maryushkina 1991; Teshler et al. 2002) . It is a poor competitor, and without repeated disturbance typically is competitively displaced from a newly colonized site after only a few years (Thompson 1943; Bazzaz 1968 Bazzaz , 1974 Kosola & Gross 1999) .
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Ragweed is a very successful long-distance invader: it has occurred in France since at least the 18 th century , and is common in much of eastern Europe, as well occurring in China, Australia, and elsewhere (Kiss 2007) . In both its native and introduced range it is a troublesome agricultural weed and a major source of pollen allergies (Bassett & Crompton 1975; Kiss 2007) .
The field component of this study was conducted in old fields at the Koffler Scientific Reserve at Jokers Hill, just west of the city of Newmarket, Ontario, Canada (44° 03' N, 79° 29' W) (http://www.zoo.utoronto.ca/jokershill/jh.html). These old fields contain a diverse mixture of native and exotic grasses and dicots, notably Bromus inermis Leyss., Poa pratensis L., and Solidago and Aster spp.; a complete checklist is available at the website indicated above. Common ragweed currently is common at this site, and likely has been present since significant European settlement began in the early 1800's (McAndrews 1988); dense populations frequently occur on roadsides, recently cultivated plots, and other disturbed areas. Greenhouse and growth chamber experiments were conducted at the University of Toronto at Mississauga, Canada.
Seeds for use in this study were collected in the fall of 2005 from 10 natural populations within southern Ontario, between Whitby to Milton (approximately 100 km). Seeds were collected from 15 plants within each population; these seeds were tested for viability (by squeezing) and sources were pooled before use. If seedlings were required, seeds were cold stratified at 4ºC for 5 weeks (Willemsen & Rice 1972; Willemsen 1975) and then were placed for 2 weeks on moistened filter paper in petri dishes, which were incubated in a growth chamber (SG-30, Econair Ecological Chambers, Winnipeg, MB, Canada) using a 16h : 8h, 25ºC : 15ºC light:dark cycle. This cycle mimics late spring conditions, and is expected to maximize germination (Willemsen 1975) .
EXPERIMENT 1: HERBIVORES AND SEED PREDATORS
Six experimental blocks were established, separated from each other by at least 50m. Each block consisted of three 1x1m plots from which all above-ground vegetation was removed; root material was also removed and soil was overturned to a depth of 10 cm. Within each block, one plot was drawn from 7 within a pre-existing natural population of common ragweed, one from old field vegetation adjacent to (10m away from) this population, and one in old field vegetation isolated at least 100m from this or any other ragweed population; the scale of this experiment is similar to many local-scale studies of escape from enemies (e.g. Condit et al. 1992; Alexander et al. 2007) . The small size of these plots ensured that no experimental plant within one of these plots was isolated from surrounding vegetation by more than 50cm -less than mature plant height, and often less than plant diameter. Although herbivory still might differ between our plots and natural populations, all plots were treated identically, meaning that between-treatment comparisons should be valid; we focus on these comparisons in our analyses.
In preparation for this experiment, lab-germinated seedlings were transferred to pots filled with a standard, non-sterile potting soil and maintained in a greenhouse until their size matched that of wild plants in the field. At the end of June of 2006, when both wild and greenhouse-grown plants had 6-12 true leaves, 12 ragweed plants were transplanted into each of the 1m 2 experimental plots in a grid format, for a total of 216 plants; plants were spaced roughly 25-40 cm apart, and at least 10 cm from the surrounding vegetation. Plants were watered for 3 weeks to ensure that new root systems effectively established in the surrounding soil, and to prevent transplant shock.
Folivory was assessed between 12-20 August 2006, when plants were mature and damage was conspicuously present in natural populations. Damage was assessed by sampling a subset of stem and branch leaves on each plant, in a stratified procedure designed to produce a consistent, representative index of damage: the top 10 fully-formed leaves on each stem were sampled as well as 5 leaves per branch on 5 of the 10 top branches. This procedure avoided the oldest leaves, which typically are senescent and difficult to assess. Leaves were visually scored for:
1) Scraping, observed to be caused by the native specialist caterpillars Tarachidia candefacta Hbn.
and Tarachidia erastrioides Hbn. (Noctuidae); 2) Chewing, observed to be caused by the native ragweed specialist Zygogramma suturalis F. Other insects likely contribute to the damage observed, but the above species were those most commonly noted in our field surveys.
Granivory by the introduced Strawberry Seed Beetle Harpalus rufipes Degeer (Carabidae) also was assessed for each plant in September 2006, when seed set was well advanced but before significant dispersal had occurred. This pre-dispersal seed predator removes the ends and contents from seeds while still attached to the plant, resulting in diagnostic "popped tops"; damage by other insect seed predators was extremely scarce. The number of seeds on every other branch for each plant was counted, and the number with popped tops was recorded.
Finally, performance estimates were obtained for each plant in early to mid-September (when annual growth was essentially complete) by measuring height and counting the number of branches, as well as the seed counts described above.
EXPERIMENTS 2 AND 3: SOIL BIOTA
The net effects of soil biota (including both mutualists and pathogens) on plant growth were assessed in two linked experiments.
The first experiment assessed whether ragweed grows better in the presence of soil biota from established ragweed populations vs. biota from undisturbed old fields lacking ragweed. In February 2006, 400 pots were filled with 500mL of a standard mixture of soil created by collecting, mixing and double autoclaving samples (two consecutive 20 minute sterilization treatments) from 10 old fields on the Koffler Reserve. These soils had been collected about 1 month previously, and were stored outdoors until use. Twenty g of inoculum (about 4% of pot volume) also was added to each pot in a balanced factorial design; inoculum addition was kept to a minimum to avoid changing the composition of the soil mix. Half of the pots were inoculated with soil from one of 10 old field sites, and half with soil from one of 10 ragweed populations; in each case, half of these inocula were autoclaved, and half were unsterilized. There were 10 replicates for each site × habitat × sterilization combination. One labgerminated ragweed seedling was then transplanted into each pot, and pots were transferred to a greenhouse. After 10 weeks, each plant was harvested, and its height, number of true leaves, aboveground dry biomass, and below-ground dry biomass were recorded. The net effect of soil biota was determined by the difference in these growth measurements between sterile vs. non sterile treatments.
The second experiment was designed to examine feedback between ragweed and its soil biota using a serial inoculation approach. In April 2007, soil samples were collected at the Koffler Reserve from five existing ragweed populations, and five undisturbed old fields at least 50m from a ragweed population. Twenty g of inoculum drawn from each of these sites was then added to each of ten 500mL pots containing a double autoclaved mix of field soil, as described above. One lab-germinated seedling was added to each pot, and these plants were then transferred to an Econair SG-30 growth chamber set to a 16h : 8h, 25ºC : 15ºC light:dark cycle. This first "generation" of plants was grown for a period of 6 weeks, at which time they were harvested and their height, number of true leaves, above-ground dry biomass, and below-ground dry biomass were recorded. Twenty g of sub-surface soil was then recovered from each individual pot and used to inoculate a single new pot, containing one ragweed seedling, which subsequently was treated and sampled as for the initial "generation". This entire procedure was then repeated for a third time; the final result was an experiment with two factorial treatments: "Generation" (1, 2, or 3) and "Habitat" (ragweed population or old field). In addition, a set of 40 control pots was established for Generation 2 and 3. Each of these pots was inoculated with 20g of the original inoculum used in Generation 1 (stored until use at -2°C). Comparing these controls with the serial inoculation treatments ensures that changes in plant performance over time are related to serial inoculation, and not to unrelated temporal changes in soil or seed stocks.
EXPERIMENT 4: SEED PATHOGENS
This experiment was designed to assess negative effects of soil fungi on seed germination. Since most common ragweed seeds are dispersed late in the fall and germinate the following spring, this experiment was conducted over the winter to match the timing and duration of exposure to soil fungi that would be experienced by a typical seed. Twelve 1x1 m plots were established at the Koffler Reserve, six in pre-existing ragweed populations, and six in old field vegetation at least 50m from a common ragweed population. At the end of October 2006, when plants in the field still were dispersing seeds, 20 seed bags were buried 2-4 cm below the surface of each experimental plot in a grid pattern.
Each bag was constructed from nylon stocking material and contained 15 ragweed seeds mixed with 25g of single-autoclaved locally-collected glacial sand; half of these bags were dipped in fungicide for 30 seconds, and half in water, in a factorial design. The fungicide used was a 10g/L aqueous solution of Maestro 75 DF (Zeneca Agro, Stoney Creek, ON, Canada: active ingredient 75% Captan by weight).
Captan is a nonsystemic heterocyclic nitrogen fungicide used to protect seeds from a wide range of Oomycetes, Ascomycetes, and Basidiomycetes (Sharvelle 1961; Torgeson 1977; Neergaard 1977) , and has been successfully used in the past in similar experiments at this site (e.g. Blaney & Kotanen 2001; Schafer and Kotanen 2003; O'Hanlon-Manners & Kotanen 2004) .
Seed bags were recovered from the field at the beginning of May 2007, when seedlings were observed germinating in natural populations; 221 of the 240 seed bags were successfully recovered, for a total of 3315 seeds. The contents of each bag were emptied into a 500mL pot filled with standard non-sterile potting soil and placed in a greenhouse; seeds that already had germinated in the seed bags were counted and removed. The number of seeds that subsequently germinated was recorded once per week for 5 weeks, and those seeds removed. Seeds that germinated in either the field or the greenhouse were combined for analysis. This procedure did not determine whether ungerminated seeds were dead or dormant, and therefore measured germinability rather than absolute viability; however, differences between the fungicide treatment and the controls still should provide an estimate of the relative impacts of fungal pathogens.
STATISTICAL ANALYSES
Statistical analyses were conducted using the EMS routine of JMP 5 (SAS Institute, Cary, NC, USA). Analyses of field experiments generally were done on plot means, rather than on individual plants or seeds; this sacrifices degrees of freedom, but gains precision and avoid problems with nonindependent and zero data. Proportional data were arcsin-transformed before analysis. Most analyses were by Analysis of Variance, followed by Tukey HSD tests (Kirk 1995) .
For Experiment 1 (herbivores and seed predators), a randomized block design was used (with habitat as a fixed factor, blocked by site). The relationship between damage and growth measures also was investigated using simple linear regression. Experiment 2 (soil source) also was examined using a randomized block factorial model (with habitat and sterilization treatment as fixed factors, blocked by inoculum source). Experiment 3 (feedback) was analyzed using a split plot factorial model (with generation and habitat as fixed factors, and site nested within habitat). Finally, Experiment 4 (seed pathogens) also was analyzed with a split-plot factorial approach (with habitat and soil treatment as fixed factors, and site nested within habitat).
Results
EXPERIMENT 1: HERBIVORES AND SEED PREDATORS
The incidence of herbivore damage declined with distance from established ragweed populations ( Fig. 1) . Plots isolated from ragweed populations experienced significantly less total damage (40% of leaves damaged) relative to within-population plots (58% of leaves damaged). All three types of leaf damage (scraping, chewing and perforation) were reduced in isolated plots (Fig. 1) . Plots adjacent to ragweed populations generally were intermediate in damage, and in some cases significantly differed from within-population plots as well. These patterns did not translate to a reduction in leaf area removed in isolated plots, whether measured for all leaves or the three most damaged leaves (Fig. 1) .
The lack of a measurable effect on area likely is due to the difficulty of estimating area lost from the highly dissected leaves of this species.
Damage by seed predators also varied with distance from established populations (F 2,10 = 5.847, p = 0.021). Tukey tests indicated that isolated plots experienced significantly less seed predation than the other two treatments (p < 0.05); adjacent plots experienced intermediate levels of seed loss, though they did not significantly differ from within-population plots (p > 0.05). In relative terms, this was a large effect, with isolated plots experiencing 1/10 the mortality of within-population plots; however, absolute rates of loss were very low (proportion killed = 0.022 within populations, 0.013 in adjacent plots, 0.002 in isolated plots).
These patterns of damage did not translate to effects on performance. No differences were found between habitats for the total number of seeds produced per plant (F 2,10 = 1.342; p = 0.305) or branches/plant (F 2,10 = 1.128; p = 0.362). Plant height tended to be lower in isolated plots (F 2,10 = 3.373; p = 0.076), even though damage in these sites was reduced. When all plots were pooled, plant height was positively and significantly correlated with overall herbivore damage, chewing damage and perforation damage, and seed production was positively and significantly correlated with perforation damage (Table 1) ; other correlations were nonsignificant.
EXPERIMENT 2: SOIL SOURCE All growth measures were significantly greater for plants inoculated with unsterilized soil, vs.
sterilized controls (Fig. 2; Table 2 ). This was a large effect: inoculated plants were on average 1.5 times taller, and had 2.1 times more leaves, 2.6 times more above-ground biomass, and 2.6 times more below-ground biomass than sterile plants. In contrast, soil source had only one significant effect: number of leaves was slightly (1.09 times) greater for plants inoculated with soil from ragweed populations vs. soil from old fields (Fig. 2; Table 2 ). There also was a nearly significant habitat × sterilization interaction for above-ground biomass: effects of non-sterile inoculum were marginally more positive for old-field soils than ragweed population soils. For both this experiment and the soil feedback experiment, it is unlikely that our sterilization treatment removed absolutely all pre-existing biota from our experimental soils; however, the existence of statistical differences between sterilized and non-sterilized treatments provides evidence that our procedure was effective in significantly reducing microbial populations.
EXPERIMENT 3: SOIL FEEDBACK
Details varied among the four performance components measured, but the overall response clearly was a decrease in growth over successive serial inoculations ( Fig. 3 ; Table 3 : marginally ns for belowground biomass). In contrast, analysis of control plants indicated no significant decline in performance over time (Table 3 ). The decline was strongest for plants serially inoculated with biota from ragweed populations: a 23% decline for plant height, 31% for number of leaves, 70% for aboveground biomass, and 78% for below-ground biomass by the end of the experiment. Results tended to be weaker for old-field inocula: only plant height significantly declined (by 26%), though the other variables showed a similar trend ( Fig. 3; Table 3 ). There were no significant generation × habitat interactions, though results were marginally nonsignificant for above-ground biomass (p=0.063).
EXPERIMENT 4: SEED PATHOGENS
Germination was higher for seeds buried in old fields than for seeds buried in ragweed populations (F 1,10 = 23.089; p < 0.0001; Fig. 4 ). Fungicide affected germination, but not in the expected direction: fungicide significantly reduced germination relative to controls (F 1,10 = 5.654; p = 0.039).
There was no significant habitat × fungicide interaction (F 1,10 = 1.889; p = 0.199).
Discussion
1) DO ISOLATED POPULATIONS OF RAGWEED EXPERIENCE REDUCED LEVELS OF DAMAGE BY ABOVE-GROUND HERBIVORES AND SEED PREDATORS?
Leaves and seeds of ragweed were significantly less likely to be damaged by a range of herbivores when plants were isolated from existing populations, providing evidence that ragweed is able to escape enemies by colonizing new sites. The scale of migration required for this escape is small: the 100m scale of many Janzen-Connell experiments, rather than the thousands of km typically associated with biological invasions. This small-scale escape seems unlikely to be persistent, as enemies ultimately should colonize from nearby ragweed stands, but even a transient effect could be important IF it results in improved fitness. Ragweed largely depends on repeated colonization, since plants typically are competitively displaced after only a few years (Thompson 1943; Bazzaz 1968 Bazzaz , 1974 Kosola & Gross 1999) ; a temporary advantage could be important if it occurs during the colonizing phase.
Ragweed also is known to escape enemies at biogeographic scales. Genton et al. (2005) quantified damage in natural populations and common gardens in both a non-native region (France) and a native region (Ontario). Their data indicated that French plants experienced a large average reduction (generally < 90%) in both chewing and perforation (the most frequent forms of damage) compared to Ontario plants, though rates of the less-common scraping damage were similar. For chewing damage, the differences they found between continents that were much greater than our among-treatment differences (27% reduction between within vs. isolated treatments); for perforation damage, our estimate was more similar (80% reduction between within vs. isolated treatments).
However, Genton et al. (2005) used a sampling procedure than differed significantly from most of our measurements: they sampled the 3-5 most damaged leaves per plant, which likely inflated these treatment effects relative to our approach.
Both our results and those of Genton et al. (2005) suggest escape from both specialist and generalist enemies. Although our study was designed to quantify damage to plants, rather than unambiguously identify the source of that damage, observations indicated that the commonest herbivores included both specialists (scraping, chewing: Tarachidia spp.; chewing: Zygogramma suturalis) and generalists (chewing: snails; perforations: Systena blanda; seed predation Harpalus rufipes). One might expect that escape from specialists should be more likely than escape from generalists, since specialists are unlikely to occur in areas previously unoccupied by the host (Müller-Schärer et al. 2004; Joshi & Vrieling 2005) . Contrary to this expectation, all classes of damage declined with distance, even though most were at least partially due to generalists. It may be that the conspicuous generalists observed on ragweed were common on this plant because they preferred it over alternative foods, and thus locally behaved as specialists; for example, Systena blanda was rarely observed on other plants at this site, despite a broad host range (Cranshaw 2004) .
One criticism of the Enemy Release Hypothesis is that reduced damage may not translate to greater growth and reproduction (Maron & Vilá 2001; Hierro et al. 2005) . This may be the case for ragweed: despite reduced herbivory, we detected no evidence that isolated populations enjoyed improved performance. In fact, plant height and seed production were positively correlated with some measures of damage, perhaps because larger plants were more attractive to herbivores. We suspect that levels of leaf damage simply were too low to have had strong effects on host performance. Similarly, rates of seed damage likely were insufficient for ecological consequences, although sampling while seeds were still maturing may have underestimated cumulative impacts. In their transatlantic study, Genton et al. (2005) found mixed evidence for improved performance in less-damaged plants. In contrast with our results, they found that foliar damage was negatively correlated with plant height, but this did not result in greater size in non-native areas despite the lack of local herbivores; reproduction was not measured in this study. Finally, European efforts to use herbivores for biocontrol (most frequently Zygogramma suturalis) have met with very limited success (Kiss 2007) . Thus, escape from insect enemies potentially may occur in both native and exotic populations without pronounced population consequences; this may be a common circumstance for biological invaders, and suggests a need for caution in biocontrol efforts.
2) DOES RAGWEED ESCAPE NEGATIVE EFFECTS OF SOIL BIOTA BY COLONIZING NEW SITES?
Our experimental results indicate a strong positive effect of soil biota on the growth of ragweed, regardless of habitat. Ragweed previously has been reported to be obligately mycorrhizal (Crowell & Boerner 1988 , Koide & Li 1991 , Fumanal et al. 2006 , although Fumanal et al. (2006) also reported that natural populations of ragweed had surprisingly low mycorrhizal colonization levels: between 1% and 40% of roots infected. However, these studies examined the effects of only a single AMmycorrhizal fungus (Glomus etunicatum Becker & Gerdeman or Glomus intraradices Schenck & Smith). In contrast, our study is the first to examine the effects on ragweed of the soil community as a whole, including the potentially conflicting effects of mutualists and pathogens. Such studies can have results quite different from single-species investigations. For example, even though Centaurea maculosa L. is AM-mycorrhizal (Callaway et al. 2004a ), Callaway et al. (2004b) found it produced significantly more biomass in sterilized soil vs. non-sterilized soil. This effect was more pronounced in native Eurasian soils than non-native American soils (mean biomass increase of 166% compared to 24%), providing evidence that escape from the native soil community benefitted this plant.
Ours also is the only study to examine interactions of ragweed with the soil community of different habitats. Ragweed primarily is found in recently disturbed sites; in principle, this might reflect the availability of more beneficial mycorrhizal associations in disturbed sites. However, other than a very slight increase in leaf number in plants inoculated with soil from ragweed populations, we found no evidence of habitat-related differences in performance. As well, the lack of a habitat × sterilization interaction suggests that even this difference in leaf number may not have resulted from a difference in soil biota between habitats. It may be that suitable mycorrhizal fungi are sufficiently available even in sites lacking ragweed populations, consistent with the generalist nature of many AM associations (Bever et al. 1997; Johnson et al. 1997; Klironomos 2003) .
These results also might seem to suggest that pathogens are no more prevalent in areas dominated by ragweed than in uncolonized sites; however, it is possible that such a difference might develop over time as populations of root pathogens accumulate (Bever 1994; Klironomos 2002) . We did find evidence for this sort of negative feedback in our serial inoculation experiment: plant height, number of leaves, and biomass all declined over time. This effect was stronger in plants serially inoculated with soil originating from ragweed populations than in plants treated with old-field soil, and was absent in non-serial controls. These results suggest that soil pathogens present on ragweed-dominated sites may progressively reduce the performance of ragweed populations; on the other hand, colonization of new (old field) sites may provide temporary respite from pathogen attack. Along with competition and herbivory, this negative feedback may contribute to the ephemeral nature of many ragweed populations (Thompson 1943; Bazzaz 1968 Bazzaz , 1974 Kosola & Gross 1999) .
3) DO RAGWEED SEEDS ESCAPE ATTACK BY SOIL-BORNE FUNGI IN NEWLY
COLONIZED SITES?
We predicted that seeds buried in ragweed populations would experience higher mortality caused by fungal pathogens than seeds buried in ragweed-free old fields. Although we did find germination was reduced following burial under ragweed, it was not improved by treatment with fungicide. This fails to demonstrate that fungal pathogens were responsible for the reduction in germination, though it still may have been caused by a fungus or other pathogen not controlled by our fungicide treatment.
Fungal pathogens can have important impacts on seed banks (Baskin & Baskin 1998 ). This is a risk even in winter: recent research has demonstrated considerable microbial activity in snow-covered soils (Schmidt & Lipson 2004) , which can result in significant winter mortality of buried seeds (O'Hanlon-Manners & Kotanen 2004 , 2006 . As an annual, ragweed entirely depends upon overwintering seeds for survival; as a disturbance-dependent species, its persistent seed bank lets propagules remain dormant until an opportunity for establishment occurs (Willemsen & Rice, 1972 , Willemsen 1975 . For both of these reasons, the ability to avoid attack by seed pathogens may be crucial for this plant. Our results suggest dispersal to new sites may improve seed survival, although it is not clear that escape from pathogens is the explanation.
SYNTHESIS
Overall, our results indicate that Ambrosia artemisiifolia, known to escape at least herbivores during long-distance (>1000 km) invasions, also escapes enemies at the local (100m) scale. Local-scale escape is a general phenomenon, occurring for both above-ground and below-ground enemies, and results in reduced levels of leaf herbivory, seed predation, soil feedback, and perhaps losses to seed pathogens. These results link native-range ecology with the Enemy Release Hypothesis by demonstrating that escape from enemies need not require a transoceanic invasion; however, they also suggest that for this species, the resulting advantages often may be small. For many species exotic populations may face different selective pressures than native populations (Bossdorf et al. 2005) , but for colonizing populations of common ragweed, the biotic environment may not be so different at home or abroad. below-ground biomass, ± standard error. Shown are results of three "generations" of serial inoculation with soil from within ragweed populations or from old-fields isolated from ragweed. Bars sharing the same letter are not significantly different (p > 0.05: Tukey HSD test); see Table 3 for ANOVA results. n = 100 plants. 
